Abstract-Grounding system of an electrical device is most needed for the safety of power system purposes. This is due to the need to provide a low impedance medium for fault currents or electromagnetic interference signal to be dispersed into the earth as fast as possible. In the current practice, three phase power systems are grounded by connecting one or more selected neutral points to the grounding system. Therefore, the performance of the grounding system must be in a top-notch condition as it governs the efficiency of the grounding system itself. This could be done by employing enhancement materials in the vicinity of the buried earth rod of the grounding systems as it could reduce its earth resistance and maintain the low impedance value over time. There are two typical types of enhancement materials available in the market nowadays which are natural and chemical based, which are both used in order to decrease the resistivity of the surrounding soil. According to the recommendation proposed by previous researchers, the natural enhancement materials tends to be utilized more widely compared to the chemical enhancement materials due to its eco-friendly properties, corrode free earth rod in a long period of time, non-detrimental the surrounding environment and able to provide an optimum earth resistance value for the installed earth rod grounding systems. Hence, it is the main aim of this paper to highlight the advantages of using Zeolite, Perlite and Vermiculite as the natural enhancement material for grounding system purposes.
INTRODUCTION
Fault current might be produced from both internal and external sources. Internal sources includes of symmetrical and unsymmetrical faults, short circuits, transient over voltages and other sort of system disturbances. While, external sources may due to weather conditions and lightning discharges [1] . In high voltage industries, high magnitude fault current has been a major concern as it can damaged any sort of equipment and even fatalities might occur. As a result, it can cause huge losses for any company and factory that possess high-end equipment when this happens. Therefore, it is necessary to provide a safety protection for those high-end equipment as well as to create a safe environment for all personnel working in the power system installations. In the 21th century, grounding system can be considered as the most efficient solution for this sort of problems, as it is able to eliminate the high magnitude fault currents by transferring them to the earth along the lowest impedance path possible and in the shortest time possible [2] . This will be effectively operated only when there is a low magnitude impedance path as the tendency of the fault current to be dissipated into the earth increases with the decrement of resistance of installed grounding system and its surrounding soil.
A mass of international and national standards have been created for grounding design purposes. They provide a guideline in designing the grounding system under transient conditions with a common suggestion from all the standards that the connection between installed earth rod grounding system and substation equipment involved should be at low resistance and reactance [3] . In order to obtain such result, the connection between them should be as short and as straight as possible. Moreover, there are several methods provided by the standards to improve the performance of the earth rod under transient conditions, such as the vertical rods should be implemented at the perimeter of the grid in order to properly dissipate the fault currents into the earth. Whereas, the horizontal rods should be used as an enhancement system for the installed grounding systems located in areas with high soil resistivity value in order to reduce the overall earth resistance. In accordance to the standard IEEE Std. 80-2000 [4] , an investigation on soil resistivity is needed to understand its effect towards the performance of the installed grounding systems.
Soil resistivity is considered as the main factor in designing any grounding system as it is the parameter that measure how much the soil resists the flow of fault current into the earth [5] .
The resistivity values tend to vary in wide range depending on the texture and type of the soil [5] . Due to this issue, it is important to find an accurate soil resistivity model to measure the apparent soil resistivity, which will results in the actual value of resistivity would be obtained accurately. In the aspect of performance of grounding system itself, inhomogeneous soil resistivity values may cause the grounding system to not reach its expected earth resistance. As a result, researchers have to develop various techniques in lowering the earth resistance and those techniques have been classified into physical and chemical reduction methods. In the application of physical reduction method, it involves on using longer rods or adding more rods to reduce the resistivity of soil. Whereas, the chemical reduction method involves of utilization of enhancement materials to treat the surrounding soil in order to lower the grounding system resistance value [6] [7] [8] [9] [10] [11] [12] [13] [14] . Both physical and chemical reduction methods have their own advantages and disadvantages when applied to the grounding system itself. However, this paper is only aimed at elaborating the chemical reduction method usages, precisely focusing on employing natural based enhancement materials, as such Zeolite, Perlite and Vermiculite, as compared to the usages of a most frequently used natural based enhancement material, i.e. Bentonite, to reduce the soil resistivity of the surrounding earth in the vicinity of an installed grounding system.
II. PREVIOUS RESEARCHES ON THE USAGES OF ENHANCEMENT MATERIALS IN GROUNDING SYSTEM
Investigation on the usages of chemical and natural based enhancement materials in grounding systems started at the beginning of the last century, where in the early works, majority of the researchers focused on the simulation and experiments conducted on the designed simple earth rod systems, either as vertical or horizontal rods. These models have been widely implemented in lightning protection systems nowadays as the main rods or as support rods in reducing the earth resistance of the grounding system. Due to these studies, it has resulted an improvement in the design of grounding systems subjected to fault currents. In 21th century, most of the research works focused on investigation of the utilization of enhancement materials to enhance the performance of the grounding systems. In order to generate a further understanding of the current trend on the application of enhancement materials for grounding systems purposes, a review of studies done by previous researchers is carried out.
Enhancement materials have been widely implemented in the high voltage industries especially in the aspect of grounding system. According to Lim et al. [15] , the enhancement material must possess certain characteristics in order to further enhance the performance of the grounding system itself, such as able to retain moisture in the soil in the vicinity of the earth rod, change its surrounding soil to be less resistive and create a protection layer to avoid corrosion to the earth rod. Therefore, it is important to choose a suitable enhancement material for the grounding system purposes, depending on the soil type and climate of the area.
In the current market, the enhancement materials have been classified into two categories which are chemical and natural based. However, in accordance to the IEEE Std. [16] , it has made a justification that the utilization of chemical enhancement material (CEM) will easily decrease the resistivity of the surrounding soil, but will also cause possible pollution to the soil itself and corrosion may occur to the earth rods as well. This may degrade the performance of the grounding system, especially when the corrosion start to occurs. In addition, this method might not be recognized by government legislation as it could detriment the surrounding environment. This has been demonstrated by the research done by Gomes et al. [17] , which claimed that the usages of CEM will result in unstable resistivity values and not cost effective as they need to be renewed periodically [17] . The studies done by Wan Ahmad et al. [18] [19] [20] [21] , Buba [22] , Lai [23] and Pui [24] also proven that CEMs may not suitable to be applied in grounding system as it is harmful to the environment even though it provides a good performance on the grounding systems for a short period of time.
Natural enhancement material (NEM) sometimes come from the agricultural waste products. These types of materials are widely utilized in the field of grounding systems as they are claimed to be environmental friendly, low in cost production and may resulted optimum earth resistance for installed grounding systems in high resistivity soil. All this characteristics has been discussed in the research works carried out by Okyere et al. [25] . In the current trend, Bentonite is the most frequently used as NEM compared to the other types due to the reason that it has been reported to be the best performed natural enhancement material according to the previous studies by Jones [8] , Kostic [14] , Gomes et al. [17] , Wan Ahmad et al. [21] , Buba [22] , Jasni et al. [26] , Ismail [27] and Lim et al. [28] . For these reasons, it is important to discuss on other types of NEMs that have not been fully utilized yet in the grounding system which could demonstrate similar characteristics as Bentonite. It is found that Zeolite [29] [30] [31] , Perlite [32, 38] and Vermiculite [35, 38] , which are widely implemented in the agriculture sector and hold similar characteristics as Bentonite. In agriculture, these materials are used to enhance the growth of plants and strengthen the properties of soil by increasing the water absorption rate of the surrounding soil and its capability to retain moisture. These characteristics are important as they are indirectly may increase the soil moisture and reduce the soil resistivity. This will ensure that the grounding system to be able to function effectively, i.e. possess with the lowest impedance path for fault current to be easily dispersed into the earth in the shortest time possible.
III. THE USAGES OF ZEOLITE, PERLITE AND VERMICULITE
AS NEMS FOR GROUNDING SYSTEM PURPOSES Choosing a suitable NEM is important as it is highly affected the performance of the grounding system. Therefore, it is crucial to investigate on the physical properties of the material itself. In this review paper, a study on Zeolite, Perlite and Vermiculite is conducted in order to investigate the possibility of these materials to be applied as an NEM for the grounding system as they hold similar characteristics with Bentonite. Zeolite is crystalline aluminosilicate that build up by three dimensional frameworks [29] , which enabled it to possess an ability to gain and lose water reversibly as well as to exchange of ions without a significant change of structure [29] . While, Perlite is a glassy volcanic rock with a rhyolitic composition and possess of relatively high water contents [38] , and widely applied in potting mixes in order to improve their aeration and moisture retention ability. And, Vermiculite is a light weight, hydrated magnesium aluminium silicate and it is usually applied to enhance soil amendment and its moisture retention capacity [38] .
There are eight papers accessed whereby two article was made up in the year of 1985 and 1995 while the remains were distributed within the year range of 2001 till 2014. In accordance through the year of distribution of those papers, it indicates that the research of moisture capability on Zeolite, Perlite and Vermiculite begins to receive more attention in the 21 th century. A literature review and discussion strategy were implemented in order to have an overview of those eight papers.
Ersin et al. [29] reviewed on the application of Zeolite in the agriculture sector. The paper explained the relationship between the structure of the Zeolite and its properties, and also summarized in term of factors that influence on the utilization of Zeolite in agriculture field, e.g. gas absorption, water absorption, ion exchange, animal feed additive, fertilizer efficiency and soil amendment. In the aspect of its structure, Zeolite was build up by pores and corner-sharing aluminosilicate tetrahedrons, joined into 3-dimensional frameworks. Due to its large amount of pores spaces, these material tends to possess high absorption level, catalysis, ion exchange capability, dehydration activity and easily shapeable features. Thus, the physical and chemical properties of pure or composite Zeolite can be enhanced when mixed with soil. For instance, Zeolite has an ability to retain water up to 60% of their weight. In other words, this means that water molecules can be stored in or removed from the pores easily without damaging the crystalline structure of Zeolite. As a result, Zeolite might be helpful in the grounding system research as an NEM since the higher the moisture content of the soil, the lower the earth resistance of the grounding system would be. This is very crucial to ensure for a grounding system to be able to perform at its best.
Ippolito et al. [30] has studied on the impacts of clinoptilolite Zeolite utilization on the agricultural soils at the Northwest Pacific region of United States of America. An experiment was carried on the soils with sandy texture and poor capability in retaining moisture content, by layering and fully mixing Zeolite with certain fertilizer on the soil itself and it was conducted for a period of 6 months. The experiment begins by placing paper towels in layered manner for all the lined pots so that the soil can stay at its original form and enable for free drainage. After that, soil moisture content in the soil was measured. However, the measurement method employed in [30] for the soil moisture is quite complicated and it takes a long process to complete. In brief, all the lined pots were undergone saturation once in a week in order to withdraw all the moisture content in the soil and the moisture content collected was weighed for the next seven days on daily basis. The procedure was carried out for a period of 6 weeks until all the paper towels torn out. The results obtained shows that fully mixing of Zeolite into the soil will increase soil moisture by 2.6%, while layered application on mixing of Zeolite with the soil will increased soil moisture by 1.3%. The experiment also shown that a greater water contents was detected in Zeolite treated soil as compared to the untreated soil. Hence, Zeolite might be beneficial as an NEM in the grounding system due to its capability in retaining the moisture content as this is important in order to obtain low earth resistance of the grounding systems.
He et al. [31] performed an experiment on the utilization of Zeolite powder in fine-grained calcareous loess soil. Before the experiment is performed, the aluminium microplots with dimension of 0.28m 2 was designed and constructed, where Zeolite treated soil and untreated soil were poured into the microplots. The microplots were then exposed to the rainfall intensity of 2.00mm/min for a duration of an hour with different slope degrees of 5°, 10° and 20°. The findings indicated that the soil moisture of the Zeolite treated soil was increased by the range of 0.4% to 1.8% in the extreme dry situation, and 5% to 15% under the normal condition. Hence, it is proven that Zeolite has the capability to retain moisture content of the soil under any circumstances. Therefore, it may be beneficial as NEM for grounding purposes.
A study was conducted by Ors et al. [32] where an experiment was implemented with an objective to investigate the effect of soil addition to Perlite on the growth of strawberry in Erzurum, Turkey. The experiment involves of plantation of the strawberry cultivated camarosa cold-stored seedlings in the 3 liter plastic bags filled with mixture of soil and Perlite in the ratio of soil:Perlite for 10:90, 20:80, 30:70, 40:60, 50:50, and 0:100. Later, the moisture retention of the samples in different pressures were applied, i.e. 0.001 Pa, 0.010 Pa, 0.033 Pa, 0.100 Pa and 1.513 Pa which measured using pressure membrane designed by Klute [33] . While, in the aspect of porosity, the calculation was performed by following the methods discussed by Danielson et al. [34] . The results obtained clearly displayed that air filled porosity and water retention are influenced by the size of particle distributed at the growing medium and availability of the pores between these particles. For instance, the moisture retention decreases as the amount of soil increases in a condition where pressure of less than 0.98kPa was applied. These relationship was revealed when the percentage of soil are at least 40% compared to when there are 100% Perlite in the bags. In detail, a decrement of the Perlite percentage compared to the soil can cause a different outcome in different size of pores, i.e. the amount of macropores (> 100 µm diameter) decreases, the amount of micropores (30 -3 µm diameter) increases as percentage of soil reach 50% and the amount of ultramicropores (< 3 µm diameter) and mesopores (100 -30 µm diameter) does not affected at all. The purpose of macropores, micropores, ultramicropores and mesopores are supply aeration and drainage, water retention purposes, water retention which is not for plant use and supply water conductivity, respectively. Due to the amount of micropores increases when the percentage of soil increases, this situation was helpful in providing moisture retention at root part and increasing the development of plant root parameters at the crucial level. As a result, these condition influence strawberry plant growth positively as well. In overall, it was concluded in [32] , that Perlite would has an undesirable result in production of plants in containers due to imbalance of drainage, moisture and aeration at low pressure applied. Therefore, Perlite may not suitable to be used as NEM because it may not perform effectively with inconsistent soil moisture content. This is due to the reason that soil moisture is highly depending on the changes of weather.
Suganya et al. [35] performed a laboratory experiment in order to study the consequence of soil additives on moisture retention and cation exchange capacity on sandy soil. The experiment was conducted on the soil with texture of loamy sand and pH values of 6.46. Furthermore, there are seven types of treatments being tested, i.e. untreated sandy soil, sandy soil mixed with 20 t ha-1 farm yard manure, sandy soil mixed with 20 t ha-1 Bentonite, sandy soil mixed with 20 t ha-1 Vermiculite, sandy soil mixed with 20 t ha-1 tank silt, sandy soil mixed with 20 t ha-1 termite mound and sandy soil mixed with 20 kg ha-1 Humic acid. Each of the treatments was poured into the plastic cup with perforated bottom placed with filter paper. After that, all the cups were saturated with water and were left for a day. Then, the measurement of moisture content was performed on the samples at alternate days for a week. The findings from the results indicated that the moisture content of sandy soil was greatly affected by the soil additives used. In the whole period of incubation, the percentage of increase in soil moisture content compared to the untreated sandy soil in descending order was Vermiculite, Bentonite, Humic acid, farm yard manure, tank silt and termite mound. For instance, the utilization of Vermiculite has successfully increase the soil moisture from 7.5% to 80.1% in a week during the incubation period. While, the untreated sandy soil retains the least moisture compared to the treated soils. This situation proved that the swelling and retention of moisture capability of the treated soil has been greatly enhanced. Similar results were shown in Mishra et al. [36] and where it was reported that Vermiculite demonstrated the highest moisture retention in 1/3 bar tension. In the case of moisture depletion, Vermiculite and Bentonite were depleted by 71.53% and 72.16%, respectively throughout one week period of incubation, whereas the depletion was 83.06% for the untreated soil. These results were in parallel with the results reported by Patil et al. [37] where the moisture depletion of soil that is treated with 10 t ha-1 and 20 t ha-1 Bentonite were 61% and 44%, respectively, during one week period of incubation whereas the moisture depletion of untreated sandy soil was reported to be 76%. Thus, it clearly shown that the moisture retention period was prolonged when the soil was treated with Bentonite. With an increase in the amount of Bentonite used, the moisture availability period will be further prolonged. In conclusion, Vermiculite and Bentonite could bring out large scale improvement in the moisture retention even though the soil texture is sandy soil. This texture of soil is made up by high percentage of sand, i.e. at least more than 60% and it tends to possess high soil resistivity value. With such characteristics, it will be very difficult to retain or store moisture in those soil. As a result, Bentonite will be very helpful in increasing moisture to the soil, which indirectly will decreasing the resistivity of the surrounding soil. This can contribute in the reduction of earth resistance of the installed grounding system. Vijayaraghavan at al. [38] has done a study on design and development of green roof substrate with an objective in improving the quality of runoff water. In the study, the investigation on the best possibility of mixture of low-cost inorganic materials for developing a green roof substrate is the prime subject because the runoff water quality only can be influenced by a green roof substrate. The inorganic materials that have been used for the experiment, which include expanded Perlite, exfoliated Vermiculite, sand, coco-peat and crushed brick. Physical and chemical tests were performed on the materials used, which the percentage of water holding capacity in descending order were demonstrated by Vermiculite, Cocopeat, sand, Perlite and crush brick with values of 62.5%, 46.3%, 30.5%, 27.5% and 20.3%, respectively. While, in the case of bulk density (represent at maximum water holding capacity), sand possess the highest bulk density with value of 2040 kg/m3, followed by crushed brick, Vermiculite, Coco-peat and Perlite with values of 1080 kg/m3, 978 kg/m3, 597 kg/m3 and 576 kg/m3, respectively. The parameter for the percentage of water holding capacity and bulk density were determined following the Australian Standard Methods for potting mixes [39] and FLL guidelines [40] , respectively. Through the result obtained, it indicated that Vermiculite could performed better as an NEM compared to Perlite as it exhibited relatively high bulk density and high water holding capacity. Noted that, both of these parameters are crucial characteristics that may alter the performance of the installed grounding system. For instance, the higher the bulk density and water holding capacity of the material, the higher the effectiveness of the installed grounding system as that will eventually decreases the soil resistivity.
Vijayaraghavan et al. [38] also discovered that the percentage of air filled porosity for Vermiculite is the lowest among others with value of 5.8%. Porosity can be defined as a degree of the spaces or holes in a material. Consequently, it has increases the difficulty for the external source of moisture to penetrate into the soil. Therefore, Vermiculite is considered to be not suitable to be used as NEM for the grounding system purposes. This is due to the reason that the moisture stored in the surrounding soil of the system will be depleted continuously until none when undergo for a certain period of time. In order to solve this matter, two or more inorganic compounds have to be mixed together in order to obtain a satisfactory balance in all those parameters [38] . Hence, Zeolite, Perlite and Vermiculite should be mixed at a certain ratio in order to be used as an NEM in the grounding systems. This is to maximize their abilities in moisture retention which is helpful in reducing the soil resistivity. As a result, the fault current will be able to be dispersed into the earth as fast as possible.
IV. CONCLUSIONS
Soil resistivity has been the prime factor that governs the performance of the grounding systems. The lower the soil resistivity, the lower earth resistance of the grounding system would be. Hence, fault currents will be easier and faster to be dispersed into the earth. In order to enhance the performance of the grounding system, soil treatment was found to be the most effective method whereby it involves of utilizing of either CEM or NEM to reduce the resistivity of the surrounding soil of the installed grounding system. This is needed to increase the moisture retention ability of the soil which will indirectly lower down the impedance of the grounding system. Thus, this aim of this paper were to perform an information analysis on the agriculture used materials, such as Zeolite, Perlite and Vermiculite, by discovering an eco-friendly materials that might be suitable to be used as NEM for the grounding system. Note that CEM is found to be not suitable as it is not cost effective, detrimental to the environment and cause corrosion on the installed earth rod.
In the review summarization, it is found that Zeolite, Perlite and Vermiculite have the capability in moisture retention and it will be very helpful in increasing the effectiveness of grounding system. However, each of the material has its own drawbacks and limitations. For instance, Vermiculite despite able to possess a high percentage of water holding capability which are comparable with Bentonite, it has a low percentage in air filled porosity which indirectly means the amount of pores that allow external source of water to flow into the soil will be low. While, in the case of Perlite, it exhibits a relatively low bulk density and low water holding capability which makes this material may not able to perform well as an NEM. Furthermore, Zeolite only possess an optimum value in water holding capacity but works perfectly in any type of soil and climate condition. As a result, it is concluded that between these three NEMs, Zeolite is the most suitable agriculture material that can be used for the grounding system purposes.
